Building envelope is a fence that controls heat exchange between interior and exterior and plays an essential role in providing thermal comfort conditions of residents. In recent years, due to the necessity of conserving energy and also preventing increased environmental pollution, the importance of sustainable construction has been doubled. Checking the problems of thermal behavior of the building envelope materials, and what influences in the heating and cooling loads exerted and energy consumption of buildings, are the questions that this research seeks to answer. In this regard, building information modelling analysis (BIM) has worthy contribution in the completion process of sustainable design; thus using software Design Builder, it is paid attention to simulation of the thermal behavior of two types of defined materials for the building envelope that was designed as a Research Institute of Renewable Energy of Yazd University 1 . For Type 1 materials, two layers of brick have been selected, and for Type 2 a thermal insulation layer also added it. Results of the analysis showed that the use of materials Type 2 in the cooling load 4.8% and in the thermal load 62.5% reduction can be achieved which means reducing the load on active system and thus reducing the initial cost of building. Also reduction in annual energy consumption by almost 2.4% for cooling and 62.9% for heating buildings have been achieved, which makes saving non-renewable energy consumption, and consequently reducing environmental pollution as well as reducing current costs will be established.
Thermal Insolation

Introduction
According to data published by Iran's electric power industry statistics, about 40% of total energy consumption accounted for buildings that this important issue indicates the need to saving energy in Iran [1] . However there is less research that has been done in Iran, so the design is carried out in the Yazd city, which is one of the historic towns located in the central plateau of Iran, and has warm and dry weather. Since in these areas there is simultaneous need to provide heating and cooling in buildings in hot and cold seasons, the necessity of saving in both sectors is more reflected, so in order to find appropriate solutions to save energy consumption, thermal behavior modification of building envelope could be a useful strategy.
Building envelope as a main interface between the interior and exterior plays a significant role in moderating climate conditions and provides comfort of the residents. Thus reduction of heating and cooling loads, and implementation of building envelope that could provide highest thermal comfort in the interior with the lowest use of mechanical equipment by good thermal behavior, could cause largely saving in energy consumption. In vernacular architecture hot and dry regions of Iran, thick walls with high thermal mass could largely be outside ambient temperature conditions modulators and supplier of comfort conditions for building residents. In this architecture, thatch, clay and bricks to build walls up to 60 cm in diameter were used. The spread of beam and column system rather than load-bearing wall system, expensive land prices and high buildings, were accounted for ability and desire to reduce the thickness of the walls as much as possible [2] . As a result, due to the small wall thickness it should use the materials that saving energy consumption should be followed.
This research using building information modelling (BIM) in Design Builder software deals with analyzing the thermal behavior of two types of materials. The first one is a two-layer brick wall which is common in making walls in Yazd city, in particular on project design, and the type 2 by adding a thermal insulation layer between two layers of brick has been considered. In this research, in addition to taking into account energy consumption in both types, the effects of thermal mass wall heating and cooling loads of the building have been measured.
Methodology
At first, to gather the necessary information to complete the theoretical framework of research library studies, papers, magazines and valid global information database have been utilized. In the next step in order to apply previous studies in line with scrutinized issue it was paid to similar examples. Finally to test the accuracy of the findings quantitatively, building information was modelled in Energy audits Software Design Builder. At first analyses have been done as assessment of heating and cooling loads to buildings in the coldest and warmest days of the year to separate the two types of materials proposed to determine the amount of savings in initial costs of building to meet heating and cooling equipment using materials type 2. Finally, by analysis the annual energy consumption in the building the savings in energy consumption to provide comfort conditions within the design by type 2 materials were determined.
Sustainable Design
One of the most common definition of sustainability, according to the 1987 United Nations Commission Bratland presented; "Sustainability means meeting the needs of the present generation without compromising the ability of future generations to meet own needs" [3] . There is a common interpretation of sustainable development in the construction industry; to provide building using less energy and materials, and producing less pollution and waste in the environment [4] [5] . Sustainable building construction not only matches to climatic conditions in its area, but also establishes mutual relationship. Moreover increasing energy efficiency during the lifetime of building is the most important goal of sustainable design [6] , this approach can also help industrialization of construction activities [7] .
There are many ways to describe the sustainable design including reducing consumption, reuse, recovery and recycle of resources and materials [8] , this research is focused on "reduction" energy consumption. Although the term reduction could create an image of loss, however, in principle, it implies on reducing waste and excessive consumption of resources and materials in the construction industry.
Sustainable Design and BIM
Today experts have more emphasized on BIM and suitable design strategies since the importance of BIM has become increasingly understood [9] . Energy usage analysis has been the subject of a number of published papers on BIM related sustainable design [10] - [13] .
Building Information Modeling (BIM) is defined as a digital representation of the building process to facilitate exchange and interoperability of information in digital format [7] . A complete set of design documents stored in an integrated database and information about the entire building are employed in BIM. This information is totally parametric and as a result interconnected. In all views any changes to an object within the model and immediately reflected throughout the rest of the project. Despite a two-dimensional representation of the building which is commonly found in CAD-based drawings a BIM model includes the buildings actual assemblies and constructions and as a result a 3-D virtual environment with a workflow of integrated information through a software package will be obtained [14] [15] . Improved design and building performance will be enabled in Building Information Modeling (BIM) which is ideally suited to the delivery of information. Integration Project Delivery (IPD) and Design Optimization are two major beneficial features of BIM with respect to sustainable building design. However, designers will be able to optimize the building design more efficiently in the very early stages of the entire process and achieve a better solution using BIM [16] .
There are numerous applications in the field of Building Information Modelling (BIM) which one of them is Energy audits software, Design Builder. Thus, to study and analysis of this issue that the structures intended for exterior walls, according to previous studies, to what extent can work in Yazd climate, and also to assess their impact on saving energy and initial and ongoing costs of building, the software has been utilized. This tool is designed to simulate and analysis climatic spaces, and energy plus engine in the software has been assessed invalid tests, and also in many valid scientific articles have been used as criterion of measurement [17] . The validation results of the software are available on the website of Energy Plus. Simulation and Design in Design Builder is used using the thermal equilibrium of heating and cooling load based on the ASHRAE standard. In this study, the 4.5.0.148 version of this for building information simulation has been used.
Building Envelope
Building envelope is a fence that controls heat exchange between interior and exterior, and plays an important role in providing thermal comfort conditions of residents. The ability to control and modify the permeability of building envelope gives the ability to the building that to be able to react to changes in local weather conditions. It means that the exterior walls should act as a filter responsive to local climate [18] . Building envelope is exposed to variable temperature during the day. In other words, in addition to insulation against heat, useful thermal mass of wall which is a function of heat capacity, density and thermal conductivity of its constituent layers also plays an important role in the functioning of the wall [19] . It is also noteworthy that the thermal mass, which is more effective when the range of outside temperature changes in a 24-hour cycle is high (about 10 hours) [20] . Therefore, thermal mass effect has the greatest advantage in hot and dry climate during the summer [8] . In general, thermal materials that have useful features, either are heat insulation or thermal mass [20] . So the influence of these two features, i.e. the thermal mass and thermal insulation, should be considered simultaneously.
The Role of Thermal Mass and Thermal Insulation in the Building Envelope
Materials that have a high thermal mass, when exposed to heat-treated, can hold more heat compared to other materials, also when the heat source is removed, they release the heat stored in its own at a slower rate [21] . Thus, a building can use the thermal mass to reduce heat absorption, by delaying the entry of heat into the building until the sun sets [8] .
During the winter, materials with high thermal mass preserve thermal energy from the sun which has been entered through the openings into the interior space and has been locked, and then the evening when the sun sets and the heat source is removed and the more heat is required in the interior space, again this heat is given back to the interior slowly. This led to reduce heating load of building [22] . In summer, it also absorbs thermal mass heat generated by sunlight in the interior spaces gradually, and prevents a sudden increase in temperature and pressure at once on cooling device. Then when the materials were stuffed full of warmth, begin to release heat stored in their own; Part of the heat is given back into the interior and the other part is radiated to exterior [23] .
In order to time lag, location of thermal mass is not much sensitive. On the external side of Insulation, the mass can create a durable shell and resistant to weather. On the internal side of insulation, the mass can strengthen the cooling through night ventilation in summer and passive solar heating, but in order to achieve all the benefits, it should be divided the mass by an insulation layer [8] . The role of heat insulation, reducing the heat transfer rate is different between spaces with various temperatures that prevents the heat loss through the building envelope in winter and heat transfer into the interior in summer.
Case Studies: Yazd City
Yazd Climate
Yazd city with an area of 99.5 square kilometers is located in center of Iran, and according to coupon's category the city is in the second class, it means that is located in warm and dry climate. In these regions, because the amount of annual precipitation, does not meet the required steam for humidity, the weather is generally dry. Warm and dry summers and harsh and cool winters are characteristics of this climate [24] , which can be seen in Table 1 .
Thermal Comfort Temperature Yazd City
Thermal comfort conditions, is the range of temperature and humidity that the mechanism of regulating the body temperature is at least activity [25] . Determination of the range of Thermal comfort has direct influence in building thermal calculations, the size of heating and cooling devices and materials, and generally consumption and energy Losses. People in the same climatic conditions feel similar thermal comfort [26] , so it is necessary the thermal comfort range be determined accurately for each climatic. There are few studies in this field for Yazd climate in which one example of available calculations in addition to review and compare thermal comfort region, the Olegy method has been used in which matching capability for the latitudes below 40 degrees has been predicted, Comfort temperature was also calculated for Yazd city [27] .
To determine thermal comfort regions in Yazd, it is necessary to proposed that the above-mentioned range with respect the thermal conditions in summer and winter. Hence by calculating average relative humidity monthly and annual, and average dry bulb temperature of Yazd station monthly and annual during the period of 10 years (1997-2006), determination of monthly and annual the position of the mentioned stations on the Olegybioclimatic chart, upper and lower limit of thermal comfort was obtained, and it can be said that thermal comfort range for summer in Yazd city is 21/8˚C -27˚C and thermal comfort range for winter is 20/4˚C -23˚C [27] [28] . According to this model, to determine the limits of thermal comfort in addition to temperature, the relative humidity of the air should be determined. According to the minimum and maximum relative humidity in the city of Yazd in January and June, 53% -18% has been considered.
Selection of Building Materials
Given the interviews with experts in the construction industry and field observations written by the designed site (site of Yazd University), building common materials that are used for exterior walls in Yazd city are mainly brick. Due to the high thermal capacity, it creates a thermal mass in outer wall and also is considered a part of local materials, thus is intended for type 1 and by adding a thermal insulation layer to it, it has been tried to correct its thermal behavior in the heating and cooling load exerted on the building. In Table 2 , two types of materials used in two types of simulated external walls has been shown separately.
Building Information Modelling in Software Design Builder
As mentioned in Section 4; in this study to simulate building information modelling with the following proper- ties, software Design Builder has been utilized which is seen in Figure 1 and also can be seen the building floor plans in Figures 2-4 . The lower floor on the basis of its performance and less space requirement to light and natural ventilation, it has been sunk into the ground to reduce building energy losses, and the other two floors are located on the ground which is seen in Figure 4 . Building orientation to take advantage of solar energy in winter has been south-facing location, and it has been utilized the opening with an area of 12% in respect with given area to collect sunlight and also thermal mass of concrete material with a thickness of 12 cm in the bottom to absorb solar energy in direct absorption system in order to passive heating. To evaluate the effect of the outer envelope on the conditions and temperature comfort, the structural of ceilings and floors and interior walls and also windows in both models has been considered, and only the materials of exterior walls according to Table 2 are variable. The materials of windows are double glazed PVC filled by air, those of floors are piles and blocks that in lower floor has been laid by plaster and in upper floor by granite stone, and the external ceilings have 5 cm thermal insulation of rock wool. In this simulation information related to residents, Office and laboratory equipment, lighting, air conditioning, since are the heating and cooling load factors imposed on the building, have been considered completely in the software in order to the obtained results to be closer to reality. Yazd climate file also has been chosen from Weather bank related to Software site and has been loaded in software, and also to define thermal comfort range of inside the building the previous studies has been utilized.
Results and Discussion
First, to get the peak heating and cooling loads acting on the building, analysis is done in hottest and the coldest days of the year, as we know, the peak load values can be used to select air conditioning equipment. Thus, proving the effect of thermal insulation to reduce energy consumption, and to obtain its rate, the analysis of both the two types of materials and comparing their thermal behavior in the loads exerted on the building is examined. Figure 6 also is related to the analysis of the summer condition for type 2 materials, and as one can see except reduction in the load related to the walls, it is not observed any change in other applied loads. Figure 7 indicates the inside and outside temperatures in the winter project (the coldest day of the year) as well as heating loads applied to different parts of the building, by the materials of Type 1. As it can be seen, the heating load of the whole building is in 245 kW, maximum of which is −99.60 kW is related to heat transfer through the walls.
By analysis the materials and View values shown in the Figure 8 , it is visible that heat loading of whole building is 180/30 kW which the reduction respect to type 1 materials is related to heat transfer rate through the walls that given the rate of intermediate thermal insulation −32/29 kW has been obtained.
However in this part to prove the effect of thermal mass in warm and dry climate in Yazd, the difference of day and night temperature is large, image of cooling load changes (from various sources of heat production) has been investigated on a week of the year when the temperature in day is higher and in the night is lower than the comfort temperature (5th-11th October). Figure 9 shows the load changes from different sources, and as can be seen, from 12:00 pm to 5:00 am due to the heated walls, the wall is dissipating the heating to the building that in this timeframe the outside air temperature is lower than the comfort temperature, and the heat of walls which is given back inside (and outside) environment due to the absorption of heat of the day and storage in wall layers, and its disposal happens at night. So, the walls after being isothermal with environment, they begin to absorb heat from inside of the building. As can be seen, from 5:00 am to 7:00 pm blue graph of wall is below the zero line and indicates the heat absorption but because of the sunshine the outer layers of the wall is began warming up from the early hours of morning, however, since the thermal mass of walls is high, double layer with high thickness has been used. The rise in temperature of the wall layers takes time, the outer layers are warming up and the inner layers of the walls are cool and the heat of internal environment would have been tapped, this process will continue until the negative temperature gradient reaches to the inner layers, and increases the temperature of the inner layers of wall. In Figure 9 we see that it occurs at 7:00 pm, and wall transfer heat has become positive, and is dissipating the heat into the environment.
Re-cooling of the wall occurs when the outside temperature has been cooler than the temperature of the wall. In this case, the wall dissipates the heat both to inside and outside, and until it has not become isothermal with the environment the trend continues. After that the inside layers become isothermal with internal air, and the outside layers become isothermal with external air (and with regard to outside air when it is cooler than the indoor air), positive temperature gradient from outside to inside is happened which will led to the absorption of heat inside the building by the wall (similar to 5:00 yesterday morning which was explained).
After proving the effectiveness of the thermal mass of the building materials used in adjusting the temperature and contributing to cooling (and even heating) system at this stage, by comparing the applied loads on the building materials in both two analyzed types, the load imposed on active system design as well as the initial cost saving of construction has been calculated and shown in Table 3 . As can be seen, using type 2 materials in the cooling load of 4.8% and in heat load reduction of 26.5% has been obtained which can be considered less burden on active system of design, which causes initial cost saving of the building.
Since the reduction in annual consumption of energy needed to supply heating and cooling may follow a different pattern, therefore in respect to estimate the annual energy consumption in cooling, heating has been considered separately. And the obtained results in Figure 10 , Figure 11 represents the total amount of the heat (cooling load) into the building of different elements of heat production. As one can see except the walls, the load of other elements has no significant change. Figure 12 and Figure 13 also represents the loss of heat energy from different parts of the building that comparing the two tables we conclude that the waste heat energy from the walls of the building with type 2 materials is far less than the type 1 materials.
According to the above and as shown in Table 4 in the calculation of the of type 2 materials for saving annual energy consumption of buildings by as much as 2.4% in supply cooling and 62.9% in supply heating respect to type 1 materials has decreased, and this means that the current cost of the building saving also can be achieved.
Conclusions
In this paper, to analyze the thermal behavior of materials in the building the Design Builder software has been utilized which is one of the tools used in building information modelling (BIM) technology. With the help of this software, energy consumption in the hottest and coldest days of the year as well as the annual energy consumption of buildings has been calculated and it became clear that using Type 2 materials, namely applying thermal mass and thermal insulation simultaneously, can create useful reduction in energy consumption as well as initial and ongoing costs of the building.
As we know in order to reduce the adverse effects of construction industry on the environment, investigating the sustainability of in the life cycle of building projects has attracted the attention of the custodians of the industry. However by increasing measures in the design and construction of industrial process, the design has replaced traditional methods and in this regard building information modelling technology is used due to the possibility of the parametric design and storage of information on the lifecycle of the building; they do not have limitations of traditional system design and assist experts in using intelligent 3-D model to analyze and optimize the energy, water, light, form, orientation and other various scenarios in order to achieve the sustainability goals. Another factor that can contribute to reducing energy consumption in buildings using natural ventilation systems to reduce the load on cooling systems of the building related to supply cooling. It can calculate the saving in building energy consumption by building information modelling, and by utilizing the methods to be closer to sustainability goals in the construction industry.
